Introduction {#sec1-1}
============

Nearly 5 billion liters of untreated sewage was intentionally discharged in November 2015 in the St. Lawrence River (Canada) for reasons of major sewer system maintenance and to avoid jeopardizing the Montreal wastewater treatment plant. For more than 4 days, discharge points and dispersion plumes were significant and clearly visible along the banks of the island of Montreal. A previous study on sub-lethal effects associated to this untreated wastewater release event reported adverse toxic effects such as DNA damage.^[@ref1]^ Municipal wastewaters are sources of many toxic contaminants including metals.^[@ref2]^ As usually the Montreal wastewater treatment plant significantly reduces the particulate load,^[@ref3]^ this type of spill would represent a contribution of particulate matter and associated contaminants, like metals, to receiving waters. Metal partitioning (*i.e*., phase distribution) influences the transport and mobility of contaminants in fluvial ecosystems, for instance, and metal bioavailability to aquatic organisms as well.^[@ref4],[@ref5]^

As a first objective, the enrichment in metals was assessed at the discharge points of untreated wastewaters and in surface waters further downstream. As a second objective, the phase distribution and the behavior of rejected metals were studied by assessing the Kd distribution coefficients in the surface waters.

Materials and Methods {#sec1-2}
=====================

Four sites nearby untreated wastewater discharge overflows were visited during and after the event: McGill overflow close to old port area and downtown Montreal; Pier No. 46 in the western industrial port area; Bellerive Park near a residential sector; and St-Jean-Baptiste downstream petro chemistry industries ([Figure 1](#fig001){ref-type="fig"}). *In situ* conductivity measurements were used for tracking wastewater dispersion plumes. Further, in order to determine the relative long-distance transport of contaminants, water samples were also collected at the end of the Montréal island about 19 km downstream along a four sampling point transect (0.1 to 2 km) between the Montreal shoreline and the St. Lawrence Seaway ([Figure 1](#fig001){ref-type="fig"}).

Water samples were collected in Teflon bottles at 1 m below the water surface with an acid-clean Teflon pump equipped with trace metal clean Teflon tubing. Samples (200-500 mL) for metal analysis were filtered on 0.45 μm metal-free Teflon filters (FHLC Millipore) under a class-100 laminar hood. Total fraction and filtered water samples were then acidified with Q-HNO~3~ (SeaStar Baseline grade) and stored in acidclean LDPE bottles until analysis, while Hg and MeHg samples were stored in Teflon bottles. Trace metals were determined by ion-coupled plasma mass spectrometry (ICP-MS; X Series II Thermo Scientific) while total mercury was analyzed by coldvapor atomic fluorescence spectroscopy (CVAFS; US-EPA, Method 1631).^[@ref6],[@ref7]^ Mercury in non-filtered water samples was determined using two-stage gold amalgamation with gas phase detection while methylmercury (MeHg) samples were previously distillated and ethylated before detection (US-EPA, Method 1630).^[@ref8]^ Relative standard deviation (RSD) values were better than 7%. Partition coefficients (Kd) were calculated as the concentration of metal g^--1^ particle divided by the concentration of dissolved metal mL^--1^ water.^[@ref9]^ Surface water characteristics (pH, conductivity, suspended particulate matter, dissolved oxygen) were measured on-site and total fecal coliform plate counts were carried out.^[@ref10]^

Results and Discussion {#sec1-3}
======================

Water parameters such as pH, conductivity, dissolved oxygen, suspended particulate matter (SPM) and coliforms were determined as indicators of water quality during the wastewater discharge event ([Table 1](#table001){ref-type="table"}). Increases in SPM concentrations, up to 4 times relative to the post-event levels (2 weeks after), highlights the particle loading caused by the release of untreated wastewaters. At McGill site, SPM values were even higher than concentrations reported in the dispersion plume of the treated effluent (6.3 mg/L at 0.5 km downstream the outfall). ^[@ref4]^ While pH values were not significantly affected, conductivity values were significantly increased, with doubled values at McGill site in respect to the post-even values. Such changes were similarly observed for coliforms with an enrichment factor of 75,000 at this site confirming high impact on water quality.

The highest metal concentrations were observed at the McGill site during the event. While those concentrations did not generally exceed water quality guidelines,^[@ref11]^ the untreated wastewater discharges are seen as an additional contribution to the overall contamination of the Saint- Lawrence River ecosystem. Metal concentrations increased near discharge points with enrichment factors up to 14-fold when compared to post-event levels ([Figure 2](#fig002){ref-type="fig"}). Increases in concentrations were reported for all metals where most metals increased by an average factor of 180%. High enrichment factors (up to 2000%) were calculated for Cu and Zn. Total mercury and its methylated form (not shown) significantly increased (up to 700%) during the event. As already reported for this discharge event, conductivity was positively correlated with all metals (r\>0.90, P\<0.001) and SPM also positively correlated with most metals (r\>0.88, P\<0.001).^[@ref1]^

Conclusions {#sec1-4}
===========

Concentrations of metals were also measured further downstream (19 km) along a transect between Montreal shoreline and the St. Lawrence Seaway and the most significant changes were observed at the closest (100 m) station 0A from the shore (unpublished data). Downstream all the discharge points, increases (200%) in SPM were observed at the station 0A but resumed at initial concentrations after the event ([Table 1](#table001){ref-type="table"}). All metal concentrations significantly increased during the discharge period ([Figure 3](#fig003){ref-type="fig"}). Enrichment factors were no more than 300% for most metals (*i.e*., Ag, Cd, Cr, Pb, Cu, Hg. MeHg, Mn, and Zn) and up to 1200% for Co and V. Then after the event, all metal concentrations returned to initial concentrations.

The discharge of untreated wastewater had impacts on metal phase distribution as revealed by calculated partitioning coefficient Kd ([Figure 2](#fig002){ref-type="fig"}). During the discharge event, Kd values significantly increased for metals such as Cr, Mn, and Ni with the highest increases for Ag, Cu, Cr and Pb (up to five folds) at St-Jean-Baptiste site when compared to values after the event. These phase distribution changes indicated a larger metal association with the particulate phase. Generally observed Kd values could be partly explained by changes in SPM concentrations. However, the lowest changes in Kd values were observed at the McGill site ([Figure 2](#fig002){ref-type="fig"}) where SPM concentrations were the highest (\>200%; [Table 1](#table001){ref-type="table"}). This observation could point out the importance of water chemistry changes on metal partitioning, which would modify exposure routes to aquatic organisms.^[@ref12]^ Such changes in metal partitioning also influence their fate and transport and would have likely favored accumulation in low-flow sedimentation zones further downstream. All these results on metal distribution and phase partitioning as well contribute to a better evaluation of the metallic contamination associated with the dispersion of untreated wastewater. Moreover, this study helps understanding impacts of increased releases of untreated wastewater under climate changes caused by more frequent and intense rainfall events.^[@ref13]^
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![Sampling sites near discharge points in the St. Lawrence River and along a transect further downstream Montreal Island (Canada).](xeno-7-1-7173-g001){#fig001}

![Total metal concentrations (left) and partitioning coefficient Kd (right) at discharge points during and after the event.](xeno-7-1-7173-g002){#fig002}

![Total metal concentrations (left) and partitioning coefficient Kd (right) at further downstream (19 km) in the St. Lawrence river prior, during and after the event.](xeno-7-1-7173-g003){#fig003}

###### 

Water quality parameters measured prior, during and after the untreated wastewater discharge event.

  Period                       Site               pH    Conductivity (μs/cm)   Oxygen (mg/L)   TSM (mg/L)   Coliforms (UFC/100mL)
  ---------------------------- ------------------ ----- ---------------------- --------------- ------------ -----------------------
  Pre-event (7 days before)    0A                 8.3   297.1                  10.7            1.9          \-
                               0B                 8.3   294.9                  10.5            2.3          \-
                               1B                 8.1   296.2                  10.6            2.2          \-
                               1A                 7.9   297.3                  10.5            2.2          \-
  Event                        McGill             7.3   505.0                  8.2             8            750000
                               Pier 46            8.1   280.0                  11.1            3.5          10000
                               Bellerive          8.1   330.7                  10.6            4.3          10000
                               St-Jean-Baptiste   8.2   308.1                  10.8            2.5          69000
                               0A                 7.8   295.6                  10.9            2.8          13000
                               0B                 7.9   289.9                  11.0            4.5          8400
                               1B                 8.0   286.7                  11.1            4.4          6300
                               1A                 8.0   286.0                  11.1            4.1          5800
  Post-event (25 days after)   McGill             7.4   235.9                  12.8            1.8          10
                               Pier 46            7.6   249.3                  12.8            1.7          10
                               Bellerive          8.2   255.9                  12.7            1.9          10
                               St-Jean-Baptiste   8.2   259.4                  12.8            2.3          90
                               0A                 8.3   258.8                  12.9            1.5          \< 10
                               0B                 8.2   258.4                  12.7            1.7          \< 10
                               1B                 8.2   266.2                  12.7            1.3          \< 10
                               1A                 8.2   265.3                  12.7            1.5          \< 10

[^1]: Conference presentation: part of this paper was presented at St. Lawrence Chapter meeting, Society of Environmental Chemistry and Toxicology, 2017 June, Montreal. Canada.
